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shape let to a fundamental integration problem with the airframe. 

Consequently, the program turned f “'"“" “wart 

s^to«sssss^^ 

ssaar^^^r»£S»»^-sri 

turboramjet/scramjet engines. This led the Ames »d Lewis R^^^fJ^Sle^metry 

’wTves indent to dta. design approach, these designs were 
considered impractical for high hypersonic Mach numbers. 

propulsion development on a jlypersomc iRewd ^Anplane <gW ^^SmSnat efficient installed 
hvDcrsonic speeds and would cruise on dual-mode scramjet propuls HRA and most 

^SL P However, widithe demise of h»ersonic 

other hypersonic related activities were cancel^, wtho y SS^Jpersonic combustion studies and 

^f^pKst'S KSSS^SS .0 demonstrate inie, and 
combustor integration and installed performance potential. 
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r l 980 W ?If 1I ??f cd ™ th Lockheed. Pratt & Whitney, and the Lewis 

M k« N 5?a H vcluclc “ d propulswn system that would lead to the design of 

tei^ t NAS £- Tha L?^ OJCCt ^,^ >mplc ! cd c and Produced the Mach 5 inlet that is currently 

«X? 2? “ * e Lew,s Research Center 10x10 tunneL Several variations of the turboramjet engine were 

StUCICd, All mcOTDOratiflP a twn-flirne.ncinnnl vfliioK1».iv*AiM*tM> « 


Jle-geometry inlet system which was considered 
turboramjet r ' 


,_j . ■ - : ~ r ~ ;*>— *“v HuviaaiDjet engine variations included an in-line 

8 ^P" 100 ™? turboramjet, and an over/under turboramjet. The in-line engine was 
?“ gcr engme, but was deemed unacceptable because only one engine could be 
bccaus t°^ concerns about the aerodynamic transition from turbojet to ramjet The 
SEE* SS™“J ct r was the industry standard for the 60’s and 70’s, but tended to have a large surface 
c ^ ohng problems at Mach 5. In addition, the central location of the turbojetput it in a 
«5S ££ d T g hypojsonic flight Results of the studies identified the over/under engil ?c with a 

as the 2° St dcsu ? bIc - 11,6 “let external compression ramp doubles as a flow splitter 
When *f turbojet is operating, forming separate inlets for the turbojet and ramjet The result is a relatively 

a , m ? Un T * c "“Jet flowpath, reducing it’s weight and cooling 

5 ’ ^ Cpara 2 rothojet and ramjet nozzles are contained in both the wraparound and 
^^ f ^ urboram J ct engine and allow both engines to operate simultaneously so that sufficient^ and 
a smooth transition can occur between the two cycles. 

^ S ~ CO ?*“ tuin £ cf ? orts “ hypersonic propulsion research through the 1970’s enabled the development 
of supersonic combustion technology and helped to make possible the initiation of the NASP program 
“ hypC P 0ruc *****}*** revived with NASP in the mid-80’s and required a dramatic expansion 
®f J i f^ c Q ^ s f aix 2 1 activities. This has been particularly true iwith respect to the engine free-jet test facilities 
at the Langley Research Center where the contractor subscale engines have been extensively tested. NASP 
t orwri P \!c ‘kc roacttvauon of other test facitities such as the Ames 16 inch Shock Tunnel, the 

Luigley Mach 18 Helium Tunnel, and the HYPULSE expansion tunnel at CALSPAN. Between the two 
JjjV” C 5^ nC i c ? ntT * ctOTS ’ both classes of inlets and engines studied in the 60’s and 70’s have been 
Mdressed including^ two-dimensional and three-dimensional sidewall compression inlets. However, the 
^ S *V?T mCnt f ° r {Urbrcadling Propulsion from takeoff to near orbit forced an important extension of 
hypersonic propulsion work; multicycle operation over a wide speed range. Thus, the 

e u gCOmCtry ^“^nts were coupled to the most severe mission environment 
possible where extreme heating conditions and a high mission sensitivity to propulsion efficiency and 
Kr^iwv, CX1S 5 S - Work performed by the NASP contractors has resulted in ingenuous and, perhaps, 
breakthrough designs for implementing variable geometry within these engine shapes that had not been 
considered in the past. In addition, the importance and complexity of nozzle designs to recover hard earned 
thrust at hypervelocity speeds, where net thrust is only a small fraction of the gross thrust (i.e., high loss 
sensitivity) has been emphasized and appreciated While the contributions from the NASP program have 
been impressive, efficient airbreathing Single Stage to Orbit (SSTO) vehicles are an extremely challenging 
problem requiring much additional research. However, NASP will be required to take an engineering 
approach to develop the X-30 within the near-term without the luxury of fully optimizing component design 
and performance, or the propulsion flowpath. Thus, the continuing need for a generic program to 
investigate and optimize alternative propulsion flowpath technologies, engine cycles, and fuel types. 

Generic Hypersonic Propulsion Program 

Two recent developments that most influence the application of airbreathing propulsion to hypersonic 
vehicles are 1) the NASP program which emphasizes airbreathing propulsion to orbit, and 2) research into 
endothermic hydrocarbon fuels which will provide cooling capacity up to flight speeds of Mach 7 or 8 with 
storable hydrtxarbon fuels. TTius, interesting hypersonic propulsion initiatives exist for both hydrogen and 
hydrocarbon fueled applications The Air Force Wright Laboratories (AFWL) also conducts research 
P^ros into hypersonic airbreathing applications and recently briefed the Scientific Advisory Board 
(SAB) Hypersonic Panel on their Hypersonic Technology Initiative plans. AFWL sees as their research 
priorities hydrocarbon fueled first stage launch vehicles and hydrocarbon cruise missiles both of which 
require a strong ongoing program into endothermic hydrocarbon fuels research. 
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,h, NASA Generic Hypersonic Propulsion (GHP) program is designed to conylementdw 
i™. « SSurtVbSanced research progr4 wilh focused augmenmro y in bo d. 

long-term program emphasis is described in the following sections. 

Augmentation in Ure hypervelocity amua . 

propulsion tests at the high energy levels associated with hypewelocity sp««s. Am wr ic Fi£J J 

S to achieve a significant increase in propulsion test capability by adding a ^piston tova' tome 

S£g£sSS5g^p^^S»SR 

conelations trnd to validate analytical tools and Computational Fluid Dynamics (CFD) codes. 

The planned hydrocarbon fuel augmentation will impact a number ?f. h y***^ 

ennse missUes opcruangovcra^w^chn^ *« h Staler mseerch 

turborami c t cruise vehicle studies o* the lVoU s . * , i ra miat *n mn» ic oH ant^hlc to 

EiSi^^xp^^Ss^SSE 

fixed geometry inlets and other innovative concepts. The enabling technology for th com K UStor and 

isan efficiem dual-mode scramjet which bums 

nozzle components all have unique operating requirements imposed by hydrocaroon iuc»» 
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such as a pilot, is required to allow the fuel to react and bum at suoeisonic sueeds Th*. nmonm w. 

2Sj£2lB!£!i£ AFWL “ prevem duplic,,ion of off”" the 
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HYPERSONIC PROPULSION: HISTORY 


• Earlv work focused on fundamental studies of supersonic mixing and 
combustion, and the demonstration of that technol^y for an airframe 
integrated fixed geometry scramjet module from Mach 4 to 8. 

• NASP built on and this work to develop n^lti^ycleengli^sUiat could 
oDerate from Mach 0 to 20, introducing extensions to supersonic 
combustion technology as well as variable geometry in a high heating 

environment. 

• Recent AFWL studies into endothermic fuels opened possibilities of 
hypersonic applications for hydrocarbon fuels utilizing ramiet and dual 
mode scramjet propulsion cycles. 


HYPERSONIC PROPULSION SYSTEM 



FUSELAGE FOREBODY 

• SMOCK LOCATION 

• DYNAMIC PRESSURE 
INCREASE 

• LOCAL MACH NO. 
OECREASE 

• BOUNDARY LAYER 
THICKNESS 

• LONGITUDINAL & LATERAL 
STREAMLINES DEVIATION 


COMDUSTOn 
. efficiencies 

• INJECTORS 

• MIXING LENGTHS 

• COOLING REG S 


EXHAUST NOZZLE 
. EFFICIENCIES 

• MODULE 
INTERACTION 

• FLOW STATES 


INLET 

. EFFICIENCIES 

• STARTING CHARACTERISTICS 
. VARIABLE GEOM 

• INI ETS INTERACTION 

. BOUNDARY LAYCR INGESTION 
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OVERALL PROGRAM GOALS AND OBJECTIVES 


DEVELOP TOOLS TO ENABLE RESEARCH, DESIGN AND ANALYSIS 
OF ADVANCED HYPERSONIC PROPULSION SYSTEMS 


• CONDUCT BASIC GROUND EXPERIMENTS AND SUPPORT FLIGHT 
RESEARCH PROGRAMS TO ESTABLISH FUNDAMENTAL 
UNDERSTANDING AND PERFORMANCE ENHANCEMENTS FOR 
HYPERSONIC PROPULSION SYSTEMS 


• CONTRIBUTE TO AND INTERACT WITH MISSION ANALYSIS AND 
VEHICLE SYSTEM STUDIES TO DEFINE ENABLING PROPULSION 
TECHNOLOGIES FOR HYPERSONIC VEHICLES 


PROGRAM ELEMENTS 


• PROPULSION SYSTEM STUDIES 

• INLET FLOW PHYSICS AND DESIGN 

• COMBUSTOR FLOW PHYSICS AND DESIGN 

• NOZZLE FLOW PHYSICS AND DESIGN 

• PROPULSION FLOWPATH TECHNOLOGY 

• EXPERIMENTAL AND COMPUTATIONAL CAPABILITIES 
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PROPULSION SYSTEM STUDIES 

GOALS AND APPROACH 


DEVELOP CRITERIA FOR HYPERSWIC PROPULSION 
SYSTEM DESIGN AND PERFORMANCE 


• MISSION/SYSTEMS STUDIES 

• NASP PROGRAM INTERFACE 

• NASA AND DOD PROGRAM INTERFACE 

• DETAILED DESIGN STUDIES 


INLET FLOW PHYSICS AND DESIGN 

GOALS AND APPROACH 

DEVELOP ENABLING TECHNOLOGY FOR HIGH | 
PERFORMANCE HYPERSONIC INLETS__| 

• FUNDAMENTAL FLOW PHYSICS RESEARCH 

• SUB-SCALE MODEL TESTS 

• JOINT DESIGN EFFORTS 

• INLET PERFORMANCE ENHANCEMENT 

• FLIGHT RESEARCH PROGRAMS 

• HYDROCARBON FUELS STUDIES 
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COMBUSTOR FLOW PHYSICS AND DESIGN 


GOALS AND APPROACH 


DEVELOP ENABLING TECHNOLOGY FOR 
HIGH PERFORMANCE COMBUSTORS 




• HIGH SPEED MIXING AND COMBUSTION 

• FUEL INJECTION CONCEPTS 

• HYDROCARBON FUEL CONCEPTS 


• COMBUSTOR EFFICIENCY IMPROVEMENTS 

• CFD CODE CALIBRATION 


• FLIGHT RESEARCH SUPPORT 


NOZZLE FLOW PHYSICS AND DESIGN 

GOALS AND APPROACH 

DEVELOP ENABLING TECHNOLOGY FOR | 
HIGH PERFORMANCE NOZZLES | 

• NOZZLE LOSS MINIMIZATION 

• SCRAM JET NOZZLE TESTS 

• COMBUSTOR- NOZZLE INTEGRATION 

• FLIGHT RESEARCH SUPPORT 
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PROPULSION FLOWPATH TECHNOLOGY 

GOALS AND APPROACH 


np\/Fl OP AN UNDERSTANDING OF AIRFRAME/ENGINE FLOW 
DEV PAW AND ENGINE-COMPONENT INTERACTIONS, AND 
INVESTIGATE ALTERNATIVE ENGINE CONCEPTS_ 


• COMPONENT INTERACTION EVALUATIONS 

• SUB-SCALE ENGINE CONCEPTS 

• NOZZLE-AFTERBODY INTERACTIONS 

• LARGE-SCALE BOILER-PLATE ENGINE TESTS 


• ALTERNATIVE HIGH MACH ENGINE CONCEPTS 


• FLIGHT RESEARCH SUPPORT 


EXPERIMENTAL AND COMPUTATIONAL CAPABILITIES 

GOALS AND APPROACH 


METHODS ADDRESSING PROPULSION COMPONENT DESIGN AND ANALYSIS 


EXPERIMENTAL 

• ADVANCED INSTRUMENTATION CONCEPTS 

• FLIGHT TEST CAPABILITY ENHANCEMENTS 

• FACILITY UPGRADES 

• ADVANCED FACILITY CONCEPT STUDIES 

COMPUTATIONAL 

• CFD CODE CAPABILITY ENHANCEMENT 

• INTERACTIVE ENGINEERING METHODS 

• NOSE-TO-TAIL ANALYSIS METHODOLOGIES 
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PROGRAM FOCUS 


• PURSUE ENABLING TECHNOLOGY BASE 
FOR SCRAMJETS 


• EXPLORE INNOVATIVE HYPERVELOCITY 
(M > 14) PROPULSION CONCEPTS 


• DEVELOP MACH 4-8 HYDROCARBON 
FUELED ENGINES 


PAYOFFS 


SCRAMJETS | 

• PROVIDE CONTINUING RESEARCH DATA BASE, EXPERTISE AND 
FACILITIES FOR SUPPORT OF NASP 


HYPERVELOCIinJ 

- ACHIEVE INHERENTLY HIGHER ISP FOR AIRBREATHING 
PROPULSION SYSTEMS VS. ROCKET PROPULSION 

- EXTEND HIGH PERFORMANCE RANGE OF SSTO 

• OPTIMIZE INNOVATIVE CONCEPTS FOR 2ND STAGE AIRBREATHERS 


■** ( H,GH DENSITY, STORABLE FUELS) 

• INCREASE OPERATIONAL FLEXIBILITY 

REDUCE VEHICLE SIZE, WEIGHT AND COMPLEXITY 
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CRITICAL RESEARCH ISSUES 


HYPERVELOCirTTl «■ 

. INCREASED FUEL THRUST 

- REDUCED INLET WAVE DRAG 

- IMPROVED MIXING 

. REDUCED MIXING, FRICTION AND HEAT LOSSES 

- EVALUATION OF DETONATION WAVE ENGINES 

- ALTERNATIVE FUELS 

- REDUCED DISSOCIATION LOSSES IN NOZZLE AND 
COMBUSTOR 

- MISSION STUDIES 

- GROUND TESTING FACILITIES, INCLUDING 
INSTRUMENTATION 

- CFD/TRANSITION/TURBULENCE ETC. TOOLS FOR M » 1 


CRITICAL RESEARCH ISSUES 


[ HYDROCARBON FUELS (ENDOTHERMIC)j 

- IGNITION/PILOTING 

- FUELS/CATALYSTS/HEAT EXCHANGERS (INTEGRAL) 

- MODE CHANGE (TURBO TO RAMJET TO SCRAMJET) 

- INLETS WITH SUBSONIC PILOTING 

- EMISSIONS/POLLUTION 

- DUAL PHASE FUEL OPERATION 

- HIGH TEMPERATURE TURBOMACHINERY 
. COMPONENT/VEHICLE INTEGRATION 
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RESEARCH MILESTONES! 


PROPULSION SYSTEMS STUDIES 









1992 

1993 

1994 | 

1995 

1 1996 







LaRC | 

1 

A 

A 1 


LZ I 


(!) OciifTVmcu hypersonic (2) Designfem Mach t 
cnuse aircraft design (Mach S cruise aircraft design (kicking 
Uvbonmjet with endothermic hydrocarbon fuel), * 
fuels)* 

(3) Deagntoess Mach 10 
cruise aifcraft desafTt utikunf 
K2 fuel * 



LeRC | 

1 A 

1 A A 1 

1 

A 

'1 1 


(4) Assess TSTO vehicle 
w/turttoramjei 

(5) Assess adv. HC fueled 
engine on a cnitsc vehicle. 

(6) V«l thermal mgL m/ 
endothermic fuel. 

(7) Amen cruise k need, 
vduck lechnoL 


ARC | 

r " 1 

1 

A 1 

A 

T~ "1 



(1) Assess all for hypersonic (9) tef. mission audits far 
k S5TO propulsion. ndv. SSTQ/TSTO concepts. 

(10) Eval. HC/H2 fueled 
hypenoaa cruise concept*. 


A BASE 

A AUGMENTATION 
* RN money through RJ (Larry Hunt s wori) 
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IMI ft flow PHYSICS AND DESIGN 


LaRC 



(1) Comptoc MacM 

fcac«ch on anWLKalc. 
ndewati -cotnprtiiion. 


( 2 )E*p*c«co»l 

+a*f*m*n*1**B' 

acuons m 4 k«u of a 
■ulLKa»t.2‘DMeL 
0)Cto*tochypmv«*oc*y 
+ockA>oo**n*y*»** 


(4) Concede mto<® Mach (S) Comptoc into (» M«* ffS wfr 
10) uf aditorad torinbin- W) ad Matyiii of ad •■md, >ay ■ mwuum 

W Bjomta. «Momd-w.U ■*■«■»* — > ‘^ ^S mThT 

CD I i mr i rt «» |W« »o 


MMUtt effects Of tooth/ 
horns*? kyw tocnctoto- 
(I) Vakdmt 3*D fNS code 
m Mach 14. 


LeRC 



(D Comptoe dmkspm«K 
of 2-D mto performance 
e (Mach 3 into) 


advanced 2*0 «to 


ARC 



(12) Oanr»MachlO 
experimental into model. 

(13) Eawnd into deu|a and 
tea to M« 1 6 rca)~fas condi* 
iww man 16’ dock 


(14) - ■ r 

design of flight mtt *kt 
(14) Comptoc advtooed 
into CFD codes. 


: (ID Comptoc ad>mnced 
uituknce model development 
(ID Comptoc M*10 A 14 lest 
of a dvanced 2-D into for fhghi 
expenmcni m 3 S HWT 


^ BASE 

^ AUGMENTATION 


LaRC 


r*r \ aam ictor FLOW PHYSICS AND DESIGN 



(1) Conduct eapaimanoV (2) 

aumenca] rcacarch on expanding r«tp fed 

fad injectors to enhance 


0)E***— 0)W»^ccdB« V U**™* *^ 

«nhuaar naomecry on ^ag mom promtorig « wn 




fueVxs 



(D Opunme fed mjectwa. 

•teorpboeteb^uilkirto- iliinT' v Kel 

fud ooniatiM jet/flow cooplttf 

(DEvahmK fud injection 
Mchmquet at HV 


LeRC 


ARC 


(16) Cbmpteie »jrp«noiuc 
multiple injector and mixing 

Kaufor M»10 k> 16. 


(ID Comptoc pntae factey 
caKbrwcn and tinwtoion 
for M> 10 id 16 


^ BASE 

^ AUGMENTATION 


(ID tapfem 

tvbokace model to account 


( 19 ) Compleie Img®*** 
««ato enaboto 
performance and CTD 
vdidate tests for M -10 id 16 . 

(20) loweaiface 

mi hydrocartoo soamjet 
MinDCAF. 


(21) Compute inaction t 

and properties of comb* 


(23) Comptoc atomic 
•cramja and nook mma lor 
Muonitoto M-10 id 16. 

(22) Comptoc experimental/ (24) Comptoc 
computational study of w/fcydrotto A H Cm PCAF 

Mtf-sZstnrpenonK wijecoo*. Qi) Devel op 

toimc.itnitioft.combusuod. 

iateraruon models and 


(26) Compart CFD coda 
will) 16* amnet and arejeu. 
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URC 


NOZZLE FLOW PHYSICS AND DESIGN 


c 

1992 

1993 . 1994 | 

1995 

"1 w» 1 


1 

a 

-1--A A 1 A A 1 


— L- A A 1 


(1) Evaluate amncc profile (2) hhananr rty — — 
«Acaoittikpeitemcc fight )*4 noexfe 
m tnei<OMeei (M«7) k psrtcn — bs wife and 

mb scale engine teas (Mb6). vikom fifes coating. 

0)OpaMe noafcfar 

mbithypulse 

oaabunar A numerically 

gamer ngfevdi 



URC 


ARC 


[ . A 

1 A 

1 

~ 7n 1 1 

<9) Develop kfacb 4-7* 

(10) Develop CH> codes 

(11) Tea SEJtN no 


nook Sea hew 

with improved physics and 

far Mack 4-7+vafa 

CftSL 

A 

J 

JA 

- 1 1 1 


(12) Coupler powered 
sfatnozxlr 3 f HWT tests 
for CFD vabdfeioo to 
Mb 10. 

(13) Campkr noetic 
keroc* studies si M- 1016 
for CFD vmbdMion 



A BASE 

A AUGMENTATION 


PROPULSION FLOWPATH TECHNOLOGY 


■ 

L 

1992 

1993 

| 1994 

I 1995 | 1996 | 


LHKC 

A 1 

1 A 

L A 

IA fa A IA A A A 1 


(1) Resolve primary 
scramja operability/ 


(2)feitalH2fad.ahbscafc Q) Cooplue K2-fad. 
engine tests of paramcak MtcfeagfeMto ffee 


(4) Oaplm M-4.74 mm 
of the advanced wbscalc 


(7) Tea 2nd | 


performance problem* 
(M-3.54) daring teas of 
H2, oibnJe, pmaric 
sc ramjet. 


tcnmja (M-4.74) k m 
advanced subacafe acramjet 

(M-3.54). 


(M-4.74) A faeadvmd. 
Hbacak KiMtia 

0^3J4) 


a of 
1HV 

apaeds fe HYPULSE. 

(6) Aaaea performance of 
Mfecafe HC acramjet 
(M*3.5-6)»CHSTF 


Omsk). 

0)fe«afaa» fatten* 


feamfeg sesaaga in 

HYPULSE. 

(9) Tea large scale. 


HTT 

(10) Tea large senk HC 
acramjet a r HTT. 


URC 


A I A 11 I A I A 1 


(II) D cm oname 
c bead- knp control on 
GBL 


02) C 

i control on 0B& 

(1 3) Define critical component 
technologies and d em m aafe 

I far HC faded 



(15) Ptma rnaaan tea of 
HCengme ■ PSL-4. 


ARC "T 


A BaS£ 

A AUGMENTATION 


I A A A I A A Al A 1 


(16) Campis* shocks 


(tf)C 


(22) Compfcse audy of nen- 


tt wife botmdanr layer Mood 
ssnthes far M-UM6. coaroL 

(17) Utveajtgaie shock (20) Anns concept of 

tfepmgeme* heoag and fila Oowpnth flight tsptrimcai 
cooling a arc jet Cadfey (21) Tea wave enlanced 

(II) Develop and vaiidue 

(arcjcO 


24-14 








LaRC 


Al*C 


EXPERIMENTAL/COMPUTATIONAL CAPABILITY 



tviliauoiofainM^ 

Frec-Putor Driven 
EipHWon Time! 

(Fporn. 

(7) D ouuuu t PUF * 
HYPULSE.WJvtic 30Hz 
CAftS.dcvticpMIE 

wtimm* fa 

reacted liboc 

of basic soak CFD 
wmlyns code A souk 


(4) Obtain HYPULSE 
ctfferarafeu at ft«ht 
reut Reynolds No. uan| 
free -piston driver, Campku 

Mctasol «v»L of FTOET fTOET. 

naetpe (DtoreaDHCh* 

(5) Demonstrate PUF lerep ■ DCSCTF 

pappinf is HYPULSE A (P)Obt-aptaa* 

*■» ikcittefuctaNpt «0H (w 

p DCSCTF. • DCSCTF A *na ■odd CTD 

(d) Enhance inktMocik tare* mm\wi t ■ 

andyss codes wnto HYPULSE. 

improved alfonchint, (W) Dwhf 3-0 OT> 


oftarfeaddy s 

code for •odeba* 


i (dr pulac tactUiy 
(IS) Develop ■»**** core! 
id arimreo*bte*crMtti 
mgad Navfar Stake* 


(19) ViUdrec iaktAtook c 
I (Ughi M-IV20. fardett 


URC I £ 



(20) Validate APLUS wuh 
hyper -mixing aowtacung 
dau. 

(21) Compare odiamxd 
RPLUS code with CBE 


(22) Dcstfn aoa*mterf«wce (24) HTF 
il glass flow nemitMon 

(23) Incorporate PDF 
irebaleoce model ■ CFD code. 


(25) PDF ■ 
validated re CFD code 


^ BASE 

^ augmentation 


I A A I A A IAAAI 

(27) Devetoftfnaill opocal (29) Develops pUaurt 

dafnorocs in pulse and nmegttt far Wde 

arcjct facilities. effi oaacy. accwy, 

(2S)DcvetopNalAie «*"■*"“*' 

efficient inlet code far flight (30) Develop CTO codes 

mi development far BKjti fttm nodeliat 


(31) ExpermcaaBy qmriy 
nowTidd from mja facility 

in are jet facility for 

(33) ValidMc CFD code for 
■ejet aofclutp 


HYPERSONIC PROPULSION DIRECTION 


The base program will concentrate on tool building, and 
I basic research in the following areas : 


Ilif^^^li^^rtM^criment^e^anVndcalfbratlon efforts. 


Hvoerveiocltv Research * Conduct basic research studies 
fo^optimizing high-end performance, and explores^iffa 
high payoff approaches for appllcatfan to advanced SSTO 
vehicles and the second stage of TSTO vehicles. 

Hydrocarbon Research - Address basic research into 
supersonic combustion and piloting techniques unique to 
hydrocarbon fuels, and support Integrated 
low-speed/high-speed propulsion system studies. 
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